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Discrete approximation l'

Eexchange — / A (’vmx‘Q + ’me‘Q + \sz\z) dr
|4

= ®m(x1), m(x2),..., m(x,)] + O(h")

where

h 1S step size
k 1S approximation order
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Discrete approximation l'

Eexchange — / A (‘vme + ’vmy‘Q + ]szIQ) d>r
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Numerical integration
Integrand representation
Boundary conditions
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Numerical integration

/f% hzakfk

For open intervals,
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Integrand representation l'

A///\vm:ﬁ\ﬂ Vmy,|* + [Vm, > dV
— —A// m - V’mdV

+ A // (m,Vm, +m,Vm, +m,Vm,) -2dS.

E exchange

The norm constraint, |m| = 1, implies

Mz Vmy +my,Vm, +m,Vm, = 0.
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3-pt stencil v
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= 3 [F@ = h) = 2f(z) + f(a + )] + O




3-pt stencil
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“6-neighbor exchange”
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5-pt stencil v

flx) 1
972 19R2 —f(x —2h) +16f(x — h) — 30f(z)

+16f(x + h) — f(x + 2R)] + O(R?)




5-pt stencil

_V

“12-neighbor exchange”
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Trilinear interpolation l'

“26-neighbor exchange”
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Analytic 1D Domain Wall l'
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[terative Convergence
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\ortex Mobillity
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(Compare to Donahue & McMichael, Physica B, 233, 272 (1997).)




Magnetization spiral
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Conclusions

6-ngbr and 26-ngbr are 2nd order.
12-ngbr is 4th order.

26-ngbr has less pinning for large cells,
12-ngbr dominates for i < [..

Om /On = 0 good BC for equilibrium states
with no surface pinning; otherwise free BC
should be considered.
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Brown’s Equations I'

Energies:
Eexchange — M2 ( :c‘2 + ’VMyP + ‘VMZP) d37“
K
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Magnetization spiral

~\NJ /e~ N] o<\ | /e~N\T /]

- Two Cycles >
100 [ 1 T T — 1 T T 1
O
10t ¢
S _
| )
> 102}
o)
m -
c
w I
o
> -3 L
= 107 ¢
m L
o
-4 L |
10 " | 6-ngbr Exchange ©
: 12-ngbr Exchange 4
_ 1.3x10°h —
'5 N ' PR | ' ' ' M| ' ' ' PR | L L L L
10
0.1 1 10 100

Neighbor Spin Angle (deg)




6-ngbr Exchange

Assume Odm /0 = 0:
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+ O(h?).



6-ngbr Exchange

No boundary assumptions:
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+ O(h?).



12-ngbr Exchange

Assume Om/on = 0, 9°m/On° = 0:
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12-ngbr Exchange v

No boundary assumptions:
0? 1

92 115212
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3613 —7425 6752 —4545 1701  —96

583 1113 —791 1701 —2880 1536 —96

—96 1536 —2880 1536 —96

+O(hY).

A



	Discrete approximation
	Discrete approximation
	Numerical integration
	Integrand representation
	3-pt stencil
	3-pt stencil
	5-pt stencil
	5-pt stencil
	Trilinear interpolation
	Analytic 1D Domain Wall
	Iterative Convergence
	Vortex Mobility
	Magnetization spiral
	Conclusions
	Brown's Equations
	Magnetization spiral
	6-ngbr Exchange
	6-ngbr Exchange
	12-ngbr Exchange
	12-ngbr Exchange

